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(54) Title: COOLED GAS TURBINE BLADE 

(57) Abstract 

A hollow air cooled airfoil blade (10) castable 
with a single pull core and having internal trip strips 
(28) at the leading edge. Parallel ribs (16, 18) extend 
from the pressure side (12) of the blade to the suction 
side (14). A parting line (32) passes through the most 
forward point (34) of the aiffoil. this being located on 
the suction side of the leading edge (36). 





FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCX on the front pages of pamphleu publishing international 
applications under the PCT. 



AT 


Aastrifl 


GB 


United Kingdom 


MR 


Mauritania 


AU 


AustnUia 


GE 


Georgia 


MW 


Malawi 


BB 


Baibados 


GN 


Oninea 


NE 


Niger 


BE 


Belglom 


GR 


Greece 


NL 


Netherlands 


BF 


Burfcina Paso 


HU 


Hungary 


NO 


Norway 


BO 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Belanis 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Fedcralion 


CF 


Central African Republic 


KP 


Democralic Peoplc*s Republic 


SD 




CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Swilzerlaod 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


C6(c d'lvdre 


KZ 


Kazakhstan 


SK 


Slovdcia 


CM 


Cameroon 


LI 


Uechieniieln 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


C^h Republic 


LV 


Latvia 


TJ 


Tajikistan 


D£ 


Gennany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Dcnmaik 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Moiigolia 


VN 


Viet Nam 


GA 


Gabon 









wo 95/28243 



PCTAJS95/04451 



Cooled Gas Turbine Blade 



10 



15 



20 



r 



Technical Field 

The invention relates to air cooled blades for gas 
turbines and in particular the blades having internal trip 
strips extending around the leading edge and which blades are 
castable with a single pull core. 

Background of the Invention 

Gas turbine engines achieve their maximum efficiency at 
high temperature. The blades of these turbines therefore 
operate extremely close to the maximum allowable metal 
temperature. They therefore require cooling. The leading 
edge can be particularly hot and special attention must be 
paid to this portion of the blade. 

Air cooled gas turbine blades are provided with internal 
flowpaths for the passage of cooling air flow. it is 
important to get the maximum cooling with the minimxm flow of 
air. Trip strips are frequently located on the internal 
surface of the blade to increase the heat transfer rate. 
These are usually placed at an angle approximately 45° from 
the direction of flow. It is desirable to have these trip 
strips at the leading edge where there is not only high heat 
transfer, but a large amoxint of heat absorbing area exposed to 
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the gas as compared to the relatively small metal area exposed 
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to the cooling air flow. 

Casting of the blades involves the use of a ceramic core 
around which the blade is cast. This core is then leached out 
leaving behind an air flow passage and the internal surface 
configuration. 

The core itself is formed by injecting slurry into a 
mold formed by dies. The dies must then be opened to obtain 
the core. Some shapes require multiple pull dies because of 
the complex configuration. It is preferable to have only two 
dies with the single pull require to release the core. 

Summary of the Invention 

The hollow air cooled turbine blade is castable with a 
single pull core and has trip strips at the leading edge. The 
airfoil has a pressure side and a suction side with a 
plurality of parallel ribs extending from the pressure side to 
the suction side. A parting line, which is representative of 
a die parting line for the formation of a ceramic core, passes 
through the ribs and through the most forward point of the 
airfoil measured perpendicular to these ribs. 

The aerodynamic leading edge of the airfoil is located 
on the pressure side wall side of the most forward point 
through which the parting line passes. Trip strips on the 



pressure side extend around the leading edge stopping short of 
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the parting line. The trip strips on the suction side also 
stop short of the parting line. The distance between the 
parting line and the trip strips on the pressure side is 
greater than the distance between this parting line and the 
end of the trip strips on the suction side. 

Brief Description of the Drawings 

Figure 1 is a section through a blade; and Figure 2 is 
a section through the front end of the blade. 

Description of the Preferred Embodiment 

Figure 1 shows the hollow turbine blade 10. This is an 
airfoil having a pressure side 12 and a suction side 14. A 
plurality of parallel ribs 16,18 extend from the pressure side 
to the suction side. An airflow passage 20 passes through the 
blade with the various sections of this passage being 
connected in a serpentine manner to permit airflow through the 
blade. Air discharge openings 22 discharge a portion of the 
airflow while other portions of the airflow pass . through 
cooling holes in the blade (not shown) . The flow through 
these passages is substantially radial with respect to the 
rotor/ which is perpendicular to the plane of the paper in 
Figure 1. 

Trip strips 24 are formed inside the blade and arranged 
at an angle of approximately 45** with respect to the direction 
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of airflow. This creates the turbulence along the surface of 
the blade increasing the heat transfer and accordingly the 
cooling effect of the air. Trip strips 26 are located on the 
suction side of the blade with trip strips 28 being located on 
5 the pressure side of the blade. These are located in 

staggered configuration with respect to one another. 

In casting the blade a core must first be manufactured 
having the shape and volume of the space 20 within the blade. 
The blade is cast around this with the ceramic core then 
10 leached out. This core has the shape of the airflow passages 

including the connections to adjacent airflow passes. It also 
has on it's surface the appropriate indentations to form the 
trip strips 28 and 26. 

For simplicity of tool design and manufacture it is 
15 preferable that this core be manufactured with a single pull 

die. The two die halves are manufactured and are reusable. A 
slurry is injected between the dies and allowed to harden. 
The dies then must be opened and they are pulled apart in a 
direction parallel to ribs 16 and 18. It can be appreciated 
20 that as these dies are pulled apart from one another, no 

portion of the core can be shaped in such a way that it locks 
into either one of the dies. In the conventional blade design 
with the internal trip strips, the trip strips are passing at 
an angle of about 45** with respect to the axes of the blade. 
25 As these trip strips pass around a leading edge they are 
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directed at an angle of 45*" with respect to the pulled 
direction. Accordingly the die would lock onto the core and 
would therefore would not be possible to form these trip 
strips without a multiple pull die. 

Figure 1 shows a parting line 32 passing through 
longitudinal length of the blade. Point 34 is the most 
forward point of the airfoil measxired perpendicular to the 
centerline 35 of the ribs. The parting line 32 passes through 
this point. At this point (on the core) the dies are pulled 
directly away from one another, and the skewed trip strips 
cannot be located here. Trip strips 28 passing around the 
leading edge 36 stop a distance 38 short of the parting line. 

Trip strips 26 on the suction side 14 of the blade stop a 
distance 40 short of the parting line. The direction of the 
surface of the blade with respect to the perpendicular to the 
parting line changes relatively rapidly on the suction side 
and accordingly a relatively small cutback is required. On 
the other hand the change of the direction of the inside 
surface with respect to the perpendicular to the parting line 
on the suction side changes less rapidly and therefore 
additional cutback is provided. 

By this arrangement of the forward end as measured in 
the line perpendicular to the ribs being located on the 
suction side of the leading edge permits the achievement of 
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the trip strips at the highly heated leading edge while 
recjuiring only a single pull core. 
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1. A hollow air cooled turbine blade, castable with a 
single pull core, and having trip strips at the leading edge 
comprising: 

an airfoil having a pressure side and a suction side; 

a plurality of parallel ribs extending from said 
pressure side to said suction side; 

a parting line, representative of a die parting line for 
the formation of a ceramic core, passing through said ribs at 
the most forward point of said airfoil measured perpendicular 
to said ribs; 

an aerodynamic leading edge of said airfoil of a minimum 
radius located on the pressure side wall side of said most 
forward point; and 

trip strips on said pressure side extending around said 
leading edge and stopping short of said parting line. 

2. A hollow air cooled turbine blade as in claim 1, further 
comprising: 

trip strips on said suction side stopping short of said 
parting line a distance less than the distance which said trip 
strips on said pressure side stops short of said parting line. 
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3. A hollow air cooled turbine blade as in claim 1, further 
comprising: 

. said airfoil having a radial direction from a root 
toward a tip; and 

5 said trip strips arranged at an angle of approximately 

45** from said radial direction* 

4. A hollow air cooled turbine blade as in claim 2, further 
comprising: 

10 said airfoil having a radial direction from a root 

toward a tip; and 

said trip strips arranged at an angle of approximately 
45° from said radial direction. 
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